Pseudomonas aeruginosa strain C l o when exposed to phage Pc which had been inactivated by heat or acid produced a factor which decreased the yield of Pc phage in a single cycle of growth on P. aeruginosa C l o . Some of the factor appeared in the culture fluid, but most could be obtained only by disrupting the bacteria. The factor did not inactivate free Pc phage. It decreased phage yield most when it was mixed with P. aeruginosa ClO 1 hr. before infection with Pc phage and was then kept present to the end of the experiment. When the factor was diluted out immediately after adsorption of Pc phage on P. aeruginosa C 10, or when it was present only from the start of adsorption, it had less effect on phage yield.
INTRODUCTION
Isaacs & Lindenmann (1957) described a substance, which they named interferon, which was produced in tissue cultures by exposure of cells of the chick chorioallantoic membrane to previously inactivated influenza virus. They showed that in tissue culture the yield of influenza virus from the chick chorioallantoic membrane was decreased when interferon was added to the medium. Other authors (e.g. Henle, Henle, Deinhardt & Bergs, 1959; Ho & Enders, 1959) described similar substances produced by infecting cell cultures with other animal viruses. It was thought of interest to find whether similar activity could be obtained by exposing bacteria to inactivated phage. This work is reported here.
METHODS

Media.
For preparation of phage stocks the chemically defined medium of Dickinson (1948) supplemented with 0.1 yo (wlv) acid casein hydrolysate (vitamin free) was used. For all other work a papain digested meat broth was used.
Preparation of phage stocks. 1 x lo8 infectious particles of Pc phage (Dickinson, 1954) and 5 ml. of a 24 hr. 37" culture of Pseudomonas aeruginosa C 10 in nutrient broth were added to 100 ml. defined medium in a 500 ml. conical flask. The flask was incubated at 26" for 12 hr. on a rotary shaker. The host bacterium was then killed by heating at 55.5" for 30 min., and removed by centrifuging a t 3600g €or 6 hr. To ensure that no viable bacteria remained, the phage-containing supernatant fluid was then heated a t 55.5" for a further 30 min.
Inactivation of Pc phage. Heat or acid was used for this; ultraviolet irradiation 17-2 proved impractical for technical reasons. For each phage stock, small samples were taken and the minimum treatment required to decrease the titre to less than 10 infectious particles/ml. was determined. This treatment was then used for the bulk of the phage stock.
Production of phage-inhibitory factor. Fifty ml. of a 24 hr. broth culture of Pseudomonas aeruginosa C l O was added to 250 ml. of inactivated Pc phage suspension. After incubation at 37" for 1 hr. the bacteria were centrifuged, washed once to remove unadsorbed phage, and then suspended in 50 ml. broth and incubated at 37" for 2 hr. They were then centrifuged again and bacteria and culture fluid harvested separately. The culture fluid was heated at 60" for 30 min. to destroy remaining bacteria. The bacterial pellet was suspended in 5 ml. Ringer's solution and stored at 4" till the organisms were disrupted in a Hughes press cooled to -20". After disruption (which was almost complete) the suspension of disrupted organisms was heated at 60" for 30 min., the bacterial debris removed by centrifuging, and the supernatant fluid harvested.
Tests for activity of phage-inhibitory factor. All tests were made by using single cycles of phage multiplication according to the method of Dickinson & Codd (1952) . Phage yield (measured 2Q hr. after the start of infection) when the phage-inhibitory factor was present throughout the experiment was compared with phage yield when it was absent throughout. After adsorption the phage was diluted to c. 400 particles/ ml. Further dilutions were made just before counting, of 1/20 before the burst and 1/80 after it. This final dilution gave convenient numbers for counting (usually c. 200 plaques/plate for controls after the burst); it also diluted out any viable phage in the preparation being tested, and prevented any residual action of the phage-inhibitory factor.
RESULTS
Inactivation of Pc phage. The conditions required to inactivate the four phage stocks are shown in Table 1 . The phage surviving after heat treatment was not inactivated after heating for 300min. at 65'. The phage stocks treated by acid were shown still to contain viable Pc phage by incubating 5-Oml. samples with Pseudomonas aeruginosa C l O overnight and then plating out for phage. Tests for phage-inhibitory activity. Culture fluids were tested undiluted, and disrupted cell preparations at a dilution of 1/10 to correspond to the volume of the culture fluid used. In a preliminary test no activity could be demonstrated with culture fluid when it was added at the time phage and host pseudomonad were first mixed, so for all other tests of activity culture fluid was added to the host organism 1 hr. before the phage was added. It was found (Table 2) that preparations from the four phage stocks had similar activities ; the disrupted cell preparations were much more active than the culture fluids. Fluid and disrupted organisms from a culture of Pseudomonas aeruginosa ClO untreated with Pc phage were much less active; this culture fluid had no detectable effect, and the disrupted organisms decreased the phage yield only one-half compared with the decrease to one-seventh or less by preparations from organisms exposed to Pc phage. * In this preparation, activity was released into ten times the volume of culture medium used for the other preparations. Preparations were present from 1 hr. before the addition of Pc phage to Pseudomonas aeruginosa C 10 to 2 ?~ hr. afterwards. The yield at 24 hr. was compared with that of Pc phage in complete absence of inhibitor preparation. All decreases in yield were significant ( P c 0.02 in Student's ' t ' test).
Mode of action of phage-inhibitory factor
A few experiments on the mode of action of the phage-inhibitory factor were made by using the disrupted-cell preparations from stock 4 a t 1/10 dilution.
Eflect on extracellular Pc phage. The phage-inhibitory factor caused no loss in titre of free Pc phage in broth (initial titre = 1.7 x 106/ml.) during 24 hr. at 37'.
Effect on multiplication of Pc phage. The effect of the phage-inhibitory factor when present throughout the experiment (i.e. from 1 hr. before the phage was added) was compared with the effect when it was present only to the end of adsorption. It was found (Table 3 , Expt. 1) that a much bigger decrease in yield of phage was obtained when the phage-inhibitory factor was present throughout than when it was present only to the end of the adsorption period. This suggested that prolonged exposure to the phage-inhibitory factor was necessary for it to exert its maximum effect (either because of slow penetration into the host or change within the host to an active form). This suggestion was supported by comparing the effect of preexposing Pseudomonas aeruginosa C 10 to the factor for 1 hr. before adsorption with the effect when it was present only from the beginning of adsorption ( Table 3 , Expt. 2). Unfortunately the inhibitor preparation was less active in this experiment than in previous ones, but it was clear that pre-incubation with the factor did increase its activity.
Other experiments The phage-inhibitory factor was tested in a single experiment against Pa phage (Dickinson & Codd, 1952) , a phage serologically unrelated to Pc phage but growing on the same host; the factor was active against phage Pa. The phage-inhibitory factor was also tested against Newcastle Disease virus in tissue culture by Dr Lois Dickinson (personal communication) and was inactive. 
DISCUSSION
The phage-inhibitory factor described here resembles interferon Lindenmann, Burke & Isaacs, 1957) in some ways : it is produced by the host cells in response to virus inactivated by very mild treatment; it does not inactivate free virus; it needs time to exert its full inhibitory effect; its activity is not restricted to the virus which caused its production. The phage-inhibitory factor differs from interferon in its greater stability to heat. It also is not liberated readily from the host bacteria, whereas interferon passes easily into the culture medium, but this may merely reflect the difference between the cell walls of bacteria and the chick chorioallantoic membrane.
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